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(57) A fuel-injection method and an apparatus 
therefor are disclosed, in which an output timing of a 
injection command signal is decided in such a manner 
that a fuel-injection timing is in matching with a basic 
desired injection liming, thereby to help ensure the im- 
provement in the exhaust gases performance and the 
like of the engine. 

The invention is comprised of the steps of filtering 
waveforms of the detected common rail pressure there- 
by to obtain pressure data, calculating an approximate 
straight line Ld by making use of the pressure data, 
spanning from a preselected time to a time T3 of at least 
the first smallest value after the start of the pressure 
drop in the common rail pressure, and defining a time, 
at which a difference between a pressure data and an 
approximate straight line Ld is the largest value, as the 
timing T2 of the start of the pressure drop in the common 
rail pressure. Based on the time T2. a time tag ATd is 
calculated, that spans from an output timing Tq of injec- 
tion command signal to a fuel-injecl-ion timing T^. The 
output timing Tq of injection command signal defined at 
a lime of going backwards by the time tag ATd from a 
basic desired injection timing Td. which is obtained in ac- 
cordance with the engine operating conditions. 
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Description 

[0001 ] The present invention relates to a fuel-injection 
method and an apparatus therelor, in which fuel deliv- 
ered through a common rail is charged from injectors 
into combustion chambers, and further relates to a proc- 
ess for defining the beginning of pressure drop In the 
common rail, which is applicable to the common-rail, fu- 
el-injection system. 

[0002] In a typical fuel-injectbn control for engines 
such as diesel engines, a common-rail, fuel-injection 
system is conventionally known, in which the fuel inject- 
ed is highly intensified in pressure and the fuel-injection 
characteristics such as a timing and quantity of fuel in- 
jected per cycle are adequately controlled in accord- 
ance with the engine operating conditions. On most 
common-rail, fuel-injection systems, the fuel pressu- 
rized at a preselected pressure is stored in a fuel supply 
line common to the Injectors and the consequent stored 
fuel is injected from each injector into the associated 
combustion chamber. In order to inject the pressurized 
fuel at the individual fuel injector with the optimal fuel 
delivery condition for the engine operation, a controller 
unit regulates the fuel pressure in the common rail and 
the control valves each installed in the individual fuel 
Injector. 

[0003] A conventional common-rail, fuel-injection 
system will be explained below with reference to FIG. 7. 
The fuel delivery to injectors 1 is carried out through a 
common rail 2 and injection lines 3. each of which is a 
part of the fuel-flow line. A fuel feed pump 6 draws fuel 
from a fuel tank 4 through a fuel filter 5 and forces It 
under a preselected pressure to a fuel-supply pump 8 
through a fuel line 7. The fuel-supply pump 8 is of, for 
example, a fuel-supply plunger pump driven by the en- 
gine, which intensifies the fuel to a high pressure deter- 
mined depending on the engine operating conditions, 
and supplies the pressurized fuel Into the common rail 
2 through another fuel line 9. The fuel, thus supplied, is 
stored in the common rail 2 at the preselected high pres- 
sure and forced to the injectors 1 from the common rail 
2. The injectors 1 are provided in compliance with the 
type of engines (the number of the cylinders) and con- 
trolled with a controller unit 12 of an electronic control 
unit to thereby inject the fuel, supplied from the common 
rail 2, to the associated combustion chambers with an 
adequate timing and metered quantity of fuel. The injec- 
tion pressure of the fuel sprayed out of the injectors 1 is 
substantially equal with the pressure of fuel stored in the 
common rail 2, that is, the common rail pressure, which 
is thus regulated In order to control the Injection pres- 
sure. 

[0004] The fuel relieved from the fuel-supply pump 8 
is allowed to flow back the fuel tank 4 through a fuel- 
return line 10. The unconsumed fuel remaining in each 
injector 1 out of the fuel fed through the injection lines 3 
into the injectors 1 may return to the fuel tank 4 through 
a fuel-recovery line 11. The controller unit 12 is applied 



with various signals of sensors monitoring the engine 
operating conditbns. such as a cylinder identifying sen- 
sor and a crankshaft position sensor for detecting the 
engine rpm Ne, an accelerator pedal sensor for detect- 

s Ing the depression Acc of an accelerator pedal, an en- 
gine coolant temperature sensor, an intake manifold 
pressure sensor and the like. The controller unit 12 may 
regulate the fuel-injection characteristics, that is, the In- 
jection timing and the quantity of fuel injected out of the 

10 injectors 1 . depending on the applied signals, to thereby 
allow the engine to operate as fuel-efficient as possible. 
Moreover, the controller unit 1 2 is applied with a detect- 
ed single as to a common-rail pressure reported from a 
pressure sensor 13 installed In the common rail 2. In- 

is jection of fuel out of the injectors 1 consumes the fuel in 
the common rail 2, causing the pressure drop in the 
common-rail pressure, at which the controller unit 12 
regulates the discharge of the fuel-supply pump 8 so as 
to keep the common-rail pressure constant. 

20 [0005] As described in Japanese Patent Publication 
No. 60020/1985, the prior common-rail, fuel-injection 
system controls the fuel-injection pressure to the de- 
sired value in accordance with the engine operating con- 
ditions, while calculating the fuel-injection characterls- 

2S tics, that is, the quantity of fuel metered to be injected, 
which quantity is defined by the pressure and duration 
for injection per cycle, and the timing of fuel injection, in 
compliance with the engine operating conditions, there- 
by achieving the fuel-injection characteristics optimal for 

30 the engine operating conditions. The common-rail pres- 
sure defining the injection pressure is intensified by the 
fuel-supply pump, while regulated to a desired injection 
pressure by means of a pressure regulator valve. 
[0006] In the prior common-rail, fuel-Injection system, 

35 the controller unit applies the command pulses for the 
injection command signals to the solenoid-operated 
valves, which are provided in the injectors, each to each 
injector. The solenoid-operated valves energized with 
the command pulses lift the needle valves to open the 

40 Injection holes at the nozzle tips of the Injectors 1 . re- 
sulting In allowing the fuel charges into the combustion 
chambers. However, a time-lag is usually present, span- 
ning from the time when the controller unit issues the 
command pulse to be signaled to the solenoid-operated 

45 valve to the time when the fuel is actually Injected out 
of the nozzle holes of the injectors. Such time lag arises 
from a response delay inherent In the driving circuit, that 
is, a delay spanning from the time of signaling the com- 
mand pulse from the controller unit to the solenoid to the 

so time of the actual energization of the solenoid, and a 
mechanical delay in the injectors, during which the nee- 
dle valve is made to lift after the energization of the so- 
lenoid to thereby allow the fuel Injection out of the injec- 
tor. Moreover, even if the timing when the command 

55 pulses issued from the controller unit turn "on" is pre- 
cisely maintained at constant, every injector has tended 
to vary or scatter in the timing of the beginning of the 
fuel Injection owing to characteristic difference in the in- 
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dividual injectors, aging or the like. 
[0007] In most conventional fuel-injection systems 
dealing with the problem as described just above, the 
time lag Is considered to be constant so that the scat- 
tering for every injector in the time lag is ignored. Ac- 
cordingly, the optimal combustion of fuel can not be ap- 
preciated due to characteristic difference in the individ- 
ual injectors, aging or the like. This results in the major 
problems in which the exhaust gas control becomes in- 
ferior and vibration occurs in the engine owing to the 
difference in combustion timing among the individual 
cylinders. 

[0008] In contrast, disclosed in Japanese Patent Laid- 
Open No. 210174/1996 is a method of detecting fuel- 
injection timing and an apparatus therefor, which has for 
its object to determine accurately the fuel-injection tim- 
ing in the diesel engines. According to this prior art. the 
fuel pressure is monitored at a fuel line connecting a fuel 
injection pump with fuel-injection nozzles, while a pres- 
sure drop greater than the preselected value is detect- 
ed, which happens first after the monitored fuel pressure 
reaches a design high pressure. The initiation of the first 
pressure drop is identified as the timing of the beginning 
of the fuel injection. 

[0009] Unlike the common-rail fuel-injection system, 
nevertheless, the method and apparatus for detecting 
fuel-Injection timing, disclosed in the above publication, 
belong to a fuel- inject ion system including a fuel distrib- 
utor pump to meter and direct fuel to the injectors, or an 
inline fuel injection pump. 

[0010] On the other hand. Japanese Patent Laid- 
Open No. 471 37/1 998 discloses therein a method of de- 
tecting fuel-injection timing and an apparatus therefor in 
a common-rail, fuel-injection system. A pressure sensor 
in the common rail detects the timing when the pressure 
drop happens In the comnrx)n rail pressure after the fuel 
injection out of the injectors. The actual timing of the be- 
ginning of the fuel injection is calculated, in compliance 
with the timing of pressure drop, by going backwards by 
the length of time during which the pressure waves are 
transmitted from the injection nozzles to the common 
rail. The deviation of the resultant actual timing from the 
desired timing of the beginning of the fuel injection is 
stored for compensating the desired timing of the begin- 
ning of the next fuel Injection. That is to say. the above 
citation discloses the conception of compensating the 
desired timing of the start of the fuel injection with the 
detected timing of the start of pressure drop in the com- 
mon rail pressure. 

[0011] However, since the pressure drop in the com- 
mon rail pressure due to the fuel injection is normally 
accompanied by pulsative waves, it is actually very hard 
to detect accurately the timing of the beginning of the 
pressure drop in the common rail pressure. In this re- 
gard, the above-cited Japanese Patent Laid-Open No. 
471 37/1 998 discloses no teaching of the specific meas- 
ures about how to detect the timing of the beginning of 
the pressure drop of the common rail pressure. 



[0012] Based on the recognition that defining ck>sely 
the timing of the beginning of pressure drop is critical 
for accurate control of the timing of the initiation of the 
fuel injection on the individual injectors In the common: 

s rail, fuel-injection system, the inventors have already 
proposed a method of defining accurately the timing of 
the beginning of the pressure drop in the common rail 
pressure, which is explained in co-pending senior Jap- 
anese Patent Laid-Open No. 101149/1999. and further 

10 confirmed the results satisfactory to some degree. Nev- 
ertheless, there is still the room for improvement and, 
therefore, how to define strictly the timing of the begin- 
ning of pressure drop is the major subject for accurately 
controlling the timing of the initiation of the fuel injection 

IS on the individual injectors in the common-rail, fuel-injec- 
tion system. 

[0013] A primary aim of the present invention Is to 
overcome the problems In the prior art as having been 
described above, and to provide a fuel-injection method 

20 and an apparatus therefor and further provide a method 
of defining a timing of the beginning of pressure drop in 
a common rail pressure, which is suitably applicable to 
the fuel-injection method. The present invention Is made 
by detecting the common rail pressure with paying at- 

25 tention to the fact that the common rail pressure falls in 
accordance with the quantity of fuel injected out of the 
injectors on every fuel-injection, irrespective of the scat- 
tering on the fuel-Injection timings of the individual in- 
jector, and finding with accuracy the actual timing of the 

30 beginning of the fuel injection in the injectors, depending 
on the timing at which the common rail pressure starts 
to fall down. 

[0014] The present invention is concemed with a fuel- 
injection method for an engine, comprising the steps of; 
35 storing a common rail with a fuel delivered by the means 
of a fuel-supply pump, injecting the fuel from the com- 
mon rail into combustion chambers through discharge 
orifices formed in injectors that are actuated with injec- 
tion command signals, making a decision about a basic 
40 desired injection timing in compliance with engine oper- 
ating conditions at present by using a basic desired in- 
jection timing data which is previously defined in accord- 
ance with the engine operating conditions, finding an in- 
jection lag spanning from an output timing of the injec- 
ts tion command signal to an injection timing at which the 
fuel injection is made to start, by a function previously 
defined of a variable of a time at which a pressure drop 
starts In the common rail pressure at least after the start 
of the fuel injection, and making a decision about the 
so output of the injection command signal in accordance 
with the basic desired injection timing and the injection 
lag. 

[0015] The present invention is further concerned with 
a fuel-injection apparatus for an engine, comprising; a 
55 common rail for storing therein a fuel forced by the action 
of a fuel-supply pump, injectors having discharge orific- 
es through which the fuel from the common rail is inject- 
ed into combustion chambers, means for monitoring en- 
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gine operating conditions, a pressure sensor for moni- 
toring a pressure in the common rail, and a controller 
unit for deciding a basic desired injection timing in com- 
pliance with the engine operating conditions at present 
by using a basic desired injection timing data which is 
previously defined in accordance with the engine oper- 
ating conditions detected with the engine condition mon- 
itoring means, and further for applying the injectors with 
the injecting command signal in accordance with the ba- 
sic desired injection timing, wherein the controller unit 
finds an injectbn lag spanning from the output timing of 
the injection command signal to an injection timing at 
which the fuel injection is made to start, by a function 
previously defined of a variable of a time at which a pres- 
sure drop starts in the common rail pressure at least af- 
ter the start of the fuel injection, and makes a decision 
about the output of the injection command signal in ac- 
cordance with the basic desired injection timing and the 
injection lag. 

[0016] In one aspect of the present invention, a fuel- 
injection method is disclosed, wherein the output timing 
of the injection command signal for the recent fuel injec- 
tion in the injectors is decided at a time going backwards 
by the injection lag found at the fuel injection last time 
in the injectors from the basic desired injection timing. 
[0017] In another aspect of the present invention, a 
fuel-injection method is disclosed, wherein the timing of 
the start of the pressure drop in the common rail pres- 
sure is defined as a time at which a difference between 
a pressure data and an approximate straight line is the 
largest value, the pressure data being obtained by filter- 
ing process of waveforms of the detected common rail 
pressure, and the approximate straight line being calcu- 
lated, with respect to a curve represented on coordi- 
nates of the time and pressure data, by the use of the 
pressure data spanning from a preselected time before 
the pressure drop in the common rail pressure to a time 
of at least the first smallest value after the start of the 
pressure drop. 

[001 8] I n another aspect of the present invention , the 
start of pressure drop in the common rail pressure may 
be given by filtering the common rail pressure through 
a low-pass filer to thereby obtain pressure data, and 
then approxinnating a curve of pressure variation during 
the pressure drop on coordinates of the time and the 
pressure data by the least square method to thereby ob- 
tain an approximate straight line of the cun/e during the 
pressure drop till the pressure data becomes the first 
smallest value. As a result: the start of pressure drop in 
the common pressure is defined as the time on the time- 
axis at which the difference between the approximate 
straight line and the pressure data becomes the largest 
value. According to the present invention, thus, the time 
of the time-axis at which the difference between the 
pressure data becomes the largest value, or the time at 
which the pressure data exceeds the approximate 
straight line with the largest deviation during a length of 
time till the first smallest after the start of the pressure 



drop in the common rail pressure, is regarded as the 
timing of the start of the pressure drop in the common 
rail pressure. Moreover, the timing of the start of pres- 
sure drop in the common rail pressure defined as de- 

s scribed above can be safely applied in practice for find- 
ing experimentally an injection lag between the injection 
command timing and the fuel-injection timing. 
[001 9] According to another aspect of the present in- 
vention, the injection lag about from the output timing of 

10 the injection command signal to the fuel-injection timing 
is individually calculated for each of the injectors. The 
difference for every cylinder, or the difference in dis- 
tance between the discharge orifice of the injector and 
the pressure sensor for the common rail pressure, may 

IS affect the length of time during which the pressure var- 
iation transmits. It will be understood that the difference 
for every cylinder included the individual scattering of 
the injectors, injection lines and the like. 
[0020] The present invention is further concerned with 

20 a method of defining a start of pressure drop in a com- 
mon rail pressure, comprised of the steps of; filtering 
processing waveforms of the detected common rail 
pressure to thereby obtain pressure data, calculating an 
approximate straight line of a curve of pressure data var- 

2S iation on coordinates of the time and pressure data by 
making use of the pressure data spanning from a prese- 
lected time before the pressure drop to a time of at least 
the first smallest value after the start of the pressure 
drop, and defining a time, at which a difference between 

30 a pressure data and an approximate straight line is the 
largest, as the timing of the start of the pressure drop in 
the common rail pressure. 

[0021] It is preferred that the preselected time before 
the pressure drop is the timing of issuing the f uel-injec- 

3S tion command signal. Moreover, the common rail pres- 
sure may be detected based on the output timing of the 
injection command signal or may be detected depend- 
ent on the degree of stability on the common rail pres- 
sure before signaling of the command pulse. The ap- 

40 proximate straight line may be calculated by the use of 
the least square method. In either case, the present in- 
vention makes it possible to define accurately the timing 
of the start of pressure drop. 

[0022] As apparent from the foregoing description, 
45 the present invention develops to find the injection lag 
between the output timing of the injection command sig- 
nal and the fuel-injection timing by a previously defined 
function, depending on the start of pressure drop in the 
common rail pressure after the fuel-injection, thereby 
so making a decision about the output timing of the subse- 
quent injection command signal in accordance with both 
the basic desired injection timing and the injection lag. 
That is to say, the length of time spanning from the out- 
put of the injection command signal to the start of the 
55 actual fuel injection, or the injection lag, may be found 
by the previously defined function, dependent on the 
timing of the start of pressure drop in the common rail 
pressure, which is cak^ulated based on the pressure da- 
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ta of the common rail pressure detected at the pressure 
sensoF.CThe output timing of the injection command sig- 
nal to be applied to the injectors is defined based both 
of the injection lag found as described above and the 
basic desired injection timing found as the optimal injec- s 
Won timing in accordance with the engine operating con- 
ditions such as accelerator pedal depression and the 
engine rpm or the like. Accordingly, the actual fuel-in- 
jection may begin at the basic desired injection timing 
designed previously so as to help ensure the most suit- io 
able^exhaust gases and engine output performances, 
irrespective of variations in the injectors such as aging 
in the response to the injection command signals and 
the scattering in fuel-injection timing for every injector, 
thereby resulting in improving the exhaust gases and is 
engine output perfomnances. 

[0023] In contrast, on the prior fuel-injection system 
in which the injection lag between the output timing of 
the fuel-injection command signal and the actual luel- 
injeclion liming is considered to be constant without pay- 20 
ing attention to the scattering in the injection lag, even 
if the injection command signals have been initially de- 
signed so as to signal at the optimal timing, it may be 
possible that the start of the fuel-injection becomes out 
of the optimal timing owing to the aging in the injection 2S 
lag and, iniaddition, the individual Injector has usually 
the scattering or deviation in the start timing of the fuel- 
injection. For the reasons as described above, the vi- 
bration and inferior exhaust gas control have occurred 
in the prior engines owing to the scattering in the timing 30 
at thacombustlon sequentially carried out in the individ- 
ual cylinder of an engine, to say nothing of the individual 
engine. Nevertheless, the fuel-injection method the ap- 
paratus according to the present invention makes it pos- 
sible to achieve the actual fuel injection at the optimal 3s 
basic desired injection timing, resulting in preventing the 
vibration and inferior exhaust gas control. 
[0024] Moreover, according another aspect of the 
present invention, the start of the fuel injection may be 
decided by processing the information detected at the ^0 
common rail pressure sensor that is conventionally in- 
corporated in the common-rail system and, therefore, 
there is no need of developing a novel pressure sensor 
for making a decision about the start timing of the fuel 
injection. Unlike the fuel-injection system having the dis- 4s 
tributor injection pump or inline fuel Injection pump, the 
number of pressure sensors is not necessarily the same 
as the number of injection lines connecting the fuel in- 
jection pump with the injectors, so that no increase of 
the number of the parts may be necessary, with resulting so 
in cost saving. Moreover, detecting the common rail 
pressure in the common-rail, fuel-injection system is 
more concurrently susceptible to the large changes in 
the common rail fuel pressure due to the engine oper- 
ating conditions, compared with another prior system in ss 
which the information effective for detecting is obtained 
by comparing the pressure in the injection lines connect- 
ing the fuel-injection pump and the injectors to the a de- 



sign pressure threshold. 

[0025] The fuel-injection method and apparatus 
therefor of the present invention adopt the method of 
defining the start of pressure drop in the common rail 
pressure comprised of the steps of calculating an ap- 
proximate straight line of a curve of the pressure varia- 
tion of the common rail pressure after filtering by making 
use of the pressure data till a time of at least the first 
smallest value on the curve, and defining a time, at 
which a difference between the pressure data and the 
approximate straight line is the largest, as the timing of 
the start of the pressure drop in the common rail pres- 
sure. This makes the load on the DSP lighter and the 
influence on the quantity of fuel charge more reduced, 
compared with the senior co-pending application In Ja- 
pan. 

[0026] Other aims and features of the present inven- 
tion will be more apparent to those skilled in the art on 
consideration of the accompanying drawings and fol- 
lowing specification wherein are disclosed preferred 
embodiments of the invention with the understanding 
that such variations, modifications and elimination of 
parts may be made therein as fall within the scope of 
the appended claims without departing from the scope 
of the Invention. 

[0027] Embodiments of the present invention will now 
be described by way of example only, with reference to 
the accompanying drawings, in which:- 

FIG. 1 is a composite graph of several variable, that 
is, injection command signal or command pulse, in- 
jection rating and common rail pressure, versus 
time in a common rail, fuel-injection system: 
FIG. 2 is a flowchart illustrating a main processing 
procedure to be executed in a fuel injection accord- 
ing to the present invention: 
FIG. 3 is a flowchart illustrating an interrupt process- 
ing procedure of a cylinder-identifying signal in the 
execution of the procedure shown in FIG. 2: 
FIG. 4 is a flowchart illustrating a main processing 
procedure in a digital signal processor, referred to 
as DSP hereinafter, for calculating an injection lag 
in the execution of the procedure shown in FIG. 2: 
FIG. 5 is a flowchart illustrating a 100kHz interrupt 
processing procedure for buffering the data of the 
common rail pressure to calculate the Injection lag 
in the execution along the flowchart In FIG. 3: 
FIG. 6 is a flowchart illustrating a procedure for cal- 
culating the injection lag, basing on the buffered da- 
ta of common rail pressure by the execution along 
the flowchart in FIG. 5: and 

FIG. 7 is a schematic illustration of an exemplary 
common -rail, fuel-injection system. 

[0028] A preferred embodiment of a fuel-injection sys- 
tem according to the present invention will be explained 
in detail hereinafter with reference to the accompanying 
drawings. 
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[0029] A fuel-injection nnethod and an apparatus 
therefor in internal combustion engines are suitable for 
use in the common-rail, fuel-injection system shown In 
FIG. 7. Most of components of the system, thus, are the 
same as previously described. To that extent, the com- 
ponents have been given the same reference charac- 
ters as shown in FIG. 7. so that the previous description 
will be applicable. 

[0030] First explaining the relations in the injection 
command signal or command pulse, injection rating and 
common rail pressure, versus time with reference to the 
composite graph shown in FIG. 1. Now assuming that a 
command pulse is turned "ON" at a time Tq, or the output 
timing of an fuel-injection command signal, before the 
top dead center of the individual cylinder n, the fuel is 
injected out of the Injector 1 at a time for fuel injection 
after atime interval or time lag A Td. An actual common 
rail pressure Pf in the common rail 2 does not start to 
fall just after the start of fuel Injection, but start to fall 
with a somewhat lime lag. When detecting the pressure 
drop of the actual pressure Pf in the common rail 2 at a 
pressure sensor 1 3, the fuel-supply pump 8 is energized 
to force the fuel into the common rail 2 thereby restoring 
the pressure in the common rail 2. A command value A 
Tb for a desired fuel-injection timing is found, which 
goes backwards before the top dead center in compli- 
ance with the engine operating conditions. A basic de- 
sired fuel-injection timing Tb is determined and further 
the time lag A Td is found depending on the timing of 
the start of pressure drop in the common rail 2, whereby 
the output timing T© of fuel-injection command signal, 
or command pulse, is determined at the time going 
backwards by the time lag A Td from the basic desired 
fuel-injection timing Tb. 

[0031] The command value A Tb for the desired fuel- 
injection timing is a command value for defining the ba- 
sic desired fuet-injection timing Tb at which the fuel in- 
jection is to be actually initiated, and found as the time 
Interval going backwards from the top dead center. The 
command value A Tb for the desired fuel-injection timing 
is previously mapped in accordance with the engine op- 
erating conditions. Under the events where the fuel-in- 
jection timing is controlled properly, the time T-i of fuel 
injection is in coincidence with the basic desired fuel- 
injection timing Tb. A command value A Tc lor fuel-in- 
jection timing is the output timing Tq of fuel-injection 
command signal for the injectors 1, and found as the 
time interval going backwards from the top dead center. 
Moreover, the time lag A Td of fuel injection is a time 
interval or time delay between the output of the fuel-in- 
jection command signal and the start of actual fuel in- 
jection and, therefore, be as specified for the individual 
injector. The time lag A Td of fuel injection, when em- 
phasizing the difference for every individual injector, will 
be hereinafter expressed by A Td(n) to identify the as- 
sociated cylinder number n. 

[0032] The main processing procedure of the fuel in- 
jection will be described below in conjunction with the 



flowchart in FIG. 2. It is to be noted that the controller 
unit for managing the fuel injection of the engine main 
Is enabled for interruption in the main processing pro- 
cedure at the necessary time interval. 
s [0033] Calculating the engine rpm Ne by a tachometer 
on the output shaft of the engine, which monitors pulses 
occurring in accordance with the engine rpm (Step 1, 
referred to as SI and so forth). 

[0034] Calculating the accelerator pedal depression 
10 Acc in accordance with signals issued from the acceler- 
ator pedal sensor (S2). 

[0035] Calculating the basic quantity of fuel charge in 
accordance with the engine rpm Ne given at SI and the 
accelerator pedal depression Acc given at S2, in com- 

IS parison with lookup tables in which are tuned up the pre- 
viously-stored data about exhaust gases, engine output 
and comfortable drive-feeling (S3). 
[0036] The command value A Tb for a desired fuel- 
injection timing is found, which goes backwards before 

20 the lop dead center in compliance with the engine rpm 
Ne given at S1 and the accelerator pedal depression 
Acc given at S2, and the basic desired fuel-injection tim- 
ing Tb is calculated (S4). As an alternative, the basic 
quantity of fuel charge obtained at S3 may be employed 

2S instead of the accelerator pedal depression Acc given 
atS2. 

[0037] Calculating the common-rail pressure Pf, or 
the actual pressure in the common rail 2, in accordance 
with the signals issued from the common rail pressure 

30 sensor 13 (S5). 

[0038] Calculating the desired pressure in the com- 
mon rail 2 sufficient to obtain the basic quantity of fuel 
charge in accordance with the engine rpm Ne at some 
preselected time, or calculating the desired common rail 

3S pressure Rq, by making use of both the engine rpm Ne 
given at SI and the basic quantity of fuel charge given 
atS3.(S6). 

[0039] The Controller unit 1 2 regulates the variable 
stroke, fuel-supply pump 8 such that the common-rail 
40 pressure R, obtained at S5 Is brought into coincidence 
with the desired common rail pressure Pfo calcul-ated 

at S6 (S7). 

[0040] The processing procedure described above is 
executed repeatedly whenever the engine is operated. 
45 [0041] The following in conjunction with the flowchart 
in FIG. 3 is tor the interrupt processing procedure of the 
cylinder-identifying signals. The cylinder number is ex- 
pressed by n. 

[0042] Calculating the command value A Tc for fuel- 
so injection timing, given by the following formula; 

A Tc = A Tb + A Td(n) 

55 where A Tb is the command value for a desired fuel- 
injection timing found at the above S4 and A Td(n) rep- 
resentsthe time lag of fuel injection for the cylinder n, 
which is found along a flowchart described hereinafter 
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(S10). Thus, the A Td(n) is a positive value that may 
differ for every cylinder. By adding the command value 
A Tb for a desired f uel-lnjectbn timing, which is found 
in accordance with the engine rpm Ne and the acceler- 
ator pedal depression Acc and determined as a length 
of time going backwards before the top dead center, and 
the A Td(n) found as described hereinafter, the output 
timing To of an fuel-injection command signal Issued 
from the controller unit 12 is determined at a timing that 
goes^backwards by the command value A Tc for fuel- 
injection timing from the time of the top dead center 
[0043] The quantity of fuel charge is corrected in com- 
pliance with the recalculated fuel-Injection timing (Sll ). 
[0044] The corrected quantity of fuel charge is con- 
verted to a pulse width of command pulse for the fuel- 
injection command signal (SI 2). In other words, the 
pulse width of the command pulse applied to the sole- 
noids in the injectors 1 is determined, which pulse width 
defines a duration during which the solenoid-operated 
valves are kept open to inject the corrected quantity of 
fuel. 

[0045] Actual injection of fuel is executed and the tim- 
ing and the pulse width of the command pulse are stored 
in the output register (SI 3). 

[0046] When the cylinder-identifying signal is delect- 
ed for the individual cylinder n at the preselected time 
before the top dead center of the explosion phase or 
power stroke, the interrupt processing procedure de- 
scribed just above is executed and. after the fuel injec- 
tion terminates, the main procedure shown in FIG, 2 is 
resurned. 

[0047] The following in conjunction with the flowchart 
in FIG. 4 is for the main processing procedure in the dig- 
ital signal processor, abbreviated to DSP, for calculating 
the fuel-injection lag A Td(n) described above in S10. 
The DSP Is adopted in this system for parallel process- 
ing with CPU because the calculation of the fuel-injec- 
tion lag requires buffering the vast data and processing 
the data at high speed in a short time. Nevertheless, the 
parallel processing by the use of DSP is not necessarily 
required, provided that the CPU has the sufficient ability 
of high-speed processing. 

[0048] Variables to be processed are initialized (S20). 
[0049] DSP is initialized and the interrupt processing 
is set up (S21). 

[0050] Whether the data required for calculating the 
fuel-injection lag A Td(n) is buffered or not is decided 
(S22). This decision might be based on the state of a 
data-buffering ending flag Flag 2. The flag 2 is set up on 
the lOOKHz interrupt processing described below. With 
the buffering in ending, the procedure advances to the 
next step 23. In contrast, when the buffering is not yet 
in ending, the procedure is made to wait. 
[0051] Calculating the fuel-injection lag ATd(n) (823). 
The details of calculating steps will be explained in con- 
junction with the flowcharts in FIGS. 5 and 6. 
[0052] The data-buffering ending flag Flag 2 is 
cleared to get ready for the storage of data required for 



the next fuel-injection lag A Td(n) (S24). 
[0053] Next, the lOOKHz interrupt processing proce- 
dure will be explained with reference to FIG. 5. For cal< 
culaling the fuel-injection lag A Td(n). values of the com- 

5 mon rail pressure Pf are buffered with the cycle of 
100KHZ. The buffering is initiated on the timing at which 
the command pulse to the injectors 1 starts to rise, or 
turned "ON". The ending of the buffering is preselected 
so as provide any time enough for confirming the pres- 

10 sure drop and pressure wave in the common rail pres- 
sure Pf. That is to say, it is predetermined experimentally 
with consideration for the injection lag and the some- 
what scattering in the common rail pressure. 
[0054] Whether a flag Flag 1 showing the state under 

IS the data buffering is set or not is decided (S30). 

[0055] Under the data buffering the procedure ad- 
vances to the step 34, otherwise advances to step 31. 
[0056] In the absence of data buffering, the pulse 
edge of command pulse to energize the solenoids in the 

20 injectors 1 is delected (S31). The presence of the com- 
mand pulse edge advances the procedure to the step 
32, otherwise the lOOKHz interrupt processing termi- 
nates. 

[0057] Based on the detected command pulse edge 
2S or the detection of the injection command signal issued, 
the flag Flag 1 is set (S32). 

[0058] Identifying the number of the cylinder provided 
with the injector applied with the command pulse at that 
time (S33), The cylinder number n is stored in a memory 
30 at the interrupt processing procedure of cylinder-identi- 
fying signal. 

[0059] The common rail pressure Pf is buffered as the 
data [Data(i)], after having set the flag Flag 1 during data 
buffering or having detected the command pulse edge 

3S (S34). 

[0060] Deciding as to whether the acquired number 
of the data(i) as to the common rail pressure Pf is more 
than or equal to the desired amount Ts (S35). In case 
where the acquired number of the data i does not reach 

40 the desired amount Ts, the procedure returns to S30 to 
continue the acquisition of the data. In contrast, with the 
acquired number of the data i reaching the desired 
amount Ts, the buffering processing terminates and the 
procedure advances to S36. Since the scattering of the 

45 fuel-injection lag A Td(n) is limited in a certain range, the 
desired amount Ts may be sufficient, that is about sev- 
eral times the largest value of the fuel-injection lag A Td 
(n). 

[0061] The flag Flag 1 is cleared (S36). 
so [0062] The buffering counter i for the number of data 
is cleared (S37). 

[0063] The data buffering ending flag Flag 2 is set 
(838). 

[0064] Finally, referring to FIG. 6, the following will ex- 
ss plain the calculation of the fuel-injection lag A Td(n) on 
the buffered data of the common rail pressure Pf. 
[0065] Filtering the data (S40). The data of the com- 
mon rail pressure Pf detected at the pressure sensor 1 3 
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contains usually noise and, therefore, the data is sub- 
jected to the filtering processing with a low-pass filter or 
the like. 

[0066] Differentiation of the common rail pressure Pf 
is executed with respect to the time to find the pressure 
variation on the common rail pressure Pf (S41 ). As the 
acquired data about the common rail pressure Pf is the 
discrete data with respect to the time, the differential cal- 
culation may be carried out with the finite differences 
between any adjoining data values. 
[0067] Finding a time T3 at which the common rail 
pressure Pf becomes the first smallest value after the 
start of the pressure drop thereof, because the acquired 
population of the data is initiated after the rise of the 
command pulse has been detected (S42). 
[0068] Calculating an approximate straight line Ld, 
shown with a broken line in FIG. 1, of the common rail 
pressure data on a length of time from the time Tq of the 
rise of the command pulse to the time T3, by the primary 
regression equation (S43). That is to say. the approxi- 
mate straight line Ld of the pressure drop curve on the 
common rail pressure Pf is calculated with respect to 
the common rail pressure variation spanning from the 
time Tq of the rise of the command pulse to the time T3 
by the use of the least square method. 
[0069] Calculating a time P^ at which the difference 
between the approximate straight line Ld and the com- 
mon rail pressure Pf after filtering becomes the largest 
value. The time P^ is recognized as the timing T2 of the 
start of the pressure drop in the common rail pressure 
(S44). 

[0070] Calculating the injection lag A Td(n) resulting 
from the formula 

A Td(n) = f (Tg. Pf. n) (S45) 

namely, the injection lag A Td(n) is denoted by the func- 
tion of the three variables, or the time T2 at P^ where 
the difference between the approximate straight line Ld 
and the common rail pressure R, is the largest value, 
the common rail pressure Pf and the cylinder number n, 
and therefore may be calculated by assigning the val- 
ues, found actually at the above-described steps, to the 
associated variables in the function f. The start of the 
fuel injection has tendency to retard as the time T2 be- 
comes later. Moreover, the injection lag A Td(n) is relat- 
ed to how far the cylinder number n is from the pressure 
sensor, namely, further the cylinder Is from the common- 
rail pressure sensor, longer is the injection lag ATd(n). 
Besides the time Tg and cylinder number n, it may be 
considered that the injection lag A Td(n) is affected by 
the difference in the transmitting speeds of the pressure 
waves owing to the difference in magnitude of the com- 
mon rail pressure Pf before the start of the pressure drop 
in the common rail pressure. Now, assuming that there 
is noor little influence of the difference in magnitude of 



the common rail pressure Pt. the injection lag A Td(n) 
may be calculated by the formula 

^ A Td(n) = f (T2, n) 

Although the command pulse, fuel-injection rating and 
common rail pressure have been explained with respect 
to the lapse of time in the embodiments described 

10 above, other parameter such as crank angle may be 
used as long as showing substantially the lapse of time. 
[0071] As this invention may be embodied in several 
forms without departing from the spirit of essential char- 
acteristics thereof, the present embodiment is therefore 

IS illustrative and not restrictive, since the scope of the in- 
vention is defined by the appended claims rather than 
by the description proceeding them, and all changes 
that fall within meets and bounds of the claims, or equiv- 
alence of such meets and bounds are therefore intend- 

20 ed to embraced by the claims. 



Claims 

25 1. A fuel-injection method for an engine, comprising 
the steps of; storing a common rail{2) with a fuel 
delivered by the means of a fuel-supply pump(8), 
injecting the fuel from the common rail(2) into com- 
bustion chambers through injection holes formed in 

30 injectors(1 ), which are actuated with injection com- 
mand signals, making a decision about a basic de- 
sired injection timing(Tb) in compliance with engine 
operating conditions at present by using a basic de- 
sired injection timing data (Tb) which is previously 

36 defined in accordance with the engine operating 
conditions, finding an injection lag (A Td) spanning 
from an output timing(To) of the injection command 
signal to an injection timing at which the fuel injec- 
tion is made to start, by a function previously de- 

40 fined of a variable of a time at which a pressure drop 
starts in the common rail pressure at least after the 
start of the fuel injection, and making a decision 
about the output of the injection command signal in 
accordance with the basic desired injection timing 

45 (Tb) and the injection lag(A Td). 

2. A fuel-injection method for an engine according to 
claim 1 , wherein the output liming(To) of the injec- 
tion command signal for the recent fuel injection in 
so the injectors(1 ) is decided at a time going back- 
wards by the injection lag (A Td) found at the fuel 
injection last time in the injectors(l) from the basic 
desired injection tlming(Tb). 

ss 3. A fuel-injection method for an engine according to 
claim 1 , wherein the timing of the start of the pres- 
sure drop in the common rail pressure is defined as 
a time at which a difference between a pressure da- 
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ta and an approximate straight line(Ld) is the largest 
value, the pressure data being obtained by filtering 
process of waveforms of the detected common rail 
pressure, and the approximate straight llne(Ld) be- 
ing calculated, with respect to a curve represented s 
on coordinates of the time and pressure data, by 
the use of the pressure data spanning from a prese- 
lected time (T2) before the pressure drop In the com- 
mon rail pressure to a time(T3) of at least the first 
smallest value after the start of the pressure drop. 10 

4. A fuel-injection system for an engine according to 
claim 1, wherein the output timing(To) of the injec- 
tion command signal is decided for each of the In- 
jectors(l ) while the injection lag (A Td) about from is 
the output timing of the injection command signal to 

the fuel-injection timing is individually found for eve- 
ry injector. 

5. A fuel-injection apparatus for an engine, compris- 20 
ing: a common rail(2) for storing therein a fuel forced 

by the action of a fuel-supply pump(8). Injectors(l) 
having injection holes through which the fuel from 
the common rail(2) is injected into combustion 
chambers, means for monitoring engine operating 
conditions, a pressure sensor(13) for monitoring a 
pressure in the common rail(2). and a controller unit 
(1 2) for deciding a basic desired injection timing(Tb) 
in compliance with the engine operating conditions 
at present by using a basic desired injection timing 30 
data (Tb) which is previously defined in accordance 
with the engine operating conditions detected with 
the engine condition monitoring means, and further 
for applying the injectors(l) with the injecting com- 
mand signal in accordance with the basic desired 3S 
injection tlming(Tb), wherein the controller unit(12) 
finds an injection lag (A Td) spanning from the out- 
put timing(To) ^^e injection command signal to an 
injection timingfTb) at which the fuel injection is 
made to start, by a function previously defined of a 40 
variable of a time(T2) at which a pressure drop 
starts in the common rail pressure at least after the 
start of the fuel injection, and makes a decision 
about the output of the injection command signal in 
accordance with the basic desired injection timing 4S 
(Tb) and the injection lag (A Td). 



data and an approximate straight line(Ld) is the 
largest value, as the timing of the start of the pres- 
sure drop in the common rail pressure, the pressure 
data being obtained by filtering process of wave- 
forms of the detected common rail pressure, and 
the approximate straight line(Ld) being calculated, 
with respect to a curve represented on coordinates 
of the time and pressure data, by the use of the 
pressure data spanning from a preselected time(T2) 
before the pressure drop in the common rail pres- 
sure to a timeCTg) of at least the first smallest value 
after the start of the pressure drop. 

8. A fuel-injection apparatus for an engine according 
to claim 1 , wherein the output timing(To) of the in- 
jection command signal is decided for each of the 
injectors{1 ) while the injection lag (A Td) about from 
the output timing(To) ^^e Injection command sig- 
nal to the fuel-injection timing is Individually found 
for every injector 

9. A method of defining a start of pressure drop in a 
common rail pressure, comprised of the steps of; 
filtering processing waveforms of the detected com- 
mon rail pressure to thereby obtain pressure data, 
calculating an approximate straight line(Ld) of a 
curve of pressure data variation on coordinates of 
the time and pressure data by making use of the 
pressure data spanning from a preselected time(T2) 
before the pressure drop to a time(T3) of at least the 
first smallest value after the start of the pressure 
drop, and defining a time, at which a difference be- 
tween the pressure data and the approximate 
straight line(Ld) is the largest value, as the timing 
of the start of the pressure drop in the common rail 
pressure. 



6. A fuel-injection apparatus for an engine according 
to claim 5, wherein the controller unit (12) defines 

a time going backwards by the injection lag (A Td) so 
found at the fuel injection last time in the injectors 
(1) from the basic desired Injection as the output 
timing(To) of the injection command signal for the 
recent fuel injection in the injectors ( 1 ). 

55 

7. A fuel-injection apparatus for an engine according 
to claim 5. wherein the controller unit (12) defines 
a time, at which a difference between a pressure 
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(57) A fuel-injection method and an apparatus 
therefor are disclosed, in which an output timing of a 
Injection command signal is decided in such a manner 
that a fuel-injection timing is In matching with a basic 
desired injection timing, thereby to help ensure the im- 
provement in the exhaust gases performance and the 
like of the engine. 

The Invention is comprised of the steps of filtering 
waveforms of the detected common rail pressure there- 
by to obtain pressure data, calculating an approximate 
straight line Ld by malcing use of the pressure data, 
spanning from a preselected time to a time T3 of at least 
the first smallest value after the start of the pressure 
drop in the common rail pressure, and defining a time, 
at which a difference between a pressure data and an 
approximate straight line Ld is the largest value, as the 
timing T2 of the start of the pressure drop in the common 
rail pressure. Based on the time T2, a time lag ATd is 
calculated, that spans from an output timing Tq of injec- 
tion command signal to a fuel-lnject-ion timing T^. The 
output timing Tq of injection command signal defined at 
a time of going backwards by the time lag ATd from a 
basic desired injection timing Td, whichis obtained in ac- 
cordance with the engine operating conditions. 
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